Since the use of hexavalent chromium in autoAbstract: motive and electronic equipment is largely prohibited, many different hexavalent chromium free conversion layers have been developed. In this work, different Cr-free phosphate and polycarboxylate based conversion coatings were characterized (with electron microscopy and other surface analytical methods) for the usage of a multifunctional property layer for hot dip galvanised steel strips. The different corrosion resistance of such conversion coatings on ZM 1 (ZnAlMg) and Z (Zn) will be another topic of this paper 2 . The corrosion protection properties of these phosphate based conversion coatings on Z and ZM were characterized in a standardized salt spray test. Finally the conversion layers and the barrier protection effect on Cr-free treated zinc and zinc magnesium was investigated by cyclovoltammetry.
Introduction
European ordinances, the so-called RoHS 3 and the Directive on End-of-Life Vehicles 4 , are of particular interest for our customers. They prohibit the application of chromium-(VI)-containing compounds for passivation and pre-treatment of metallic surfaces in the automotive and household-appliance industries beginning in June 2006 and July 2007, respectively. Cr(VI)-containing products have not only a very high performance and fulfil in this way the requirements for many applications, but they are also very cost effective. It was not easy to develop an alternative Crfree technology and fulfil all requirements of the customers 5 . Particularly the guideline regarding the restriction of hazardous materials poses a big challenge to the producers of household, automotive and building appliances and their suppliers 6 . Since 1990 Voestalpine Stahl GmbH has been engaged in the topic of chromate-free and chromiumfree coatings and pre-treatment methods. This involvement has put the company in the position of having more than twenty years of successful experience in the area of chromium-free production of strip-coated material and ten years of successful experience in passivation of hot dip galvanized material 7 . In Fig. 1 the history of developing Cr-free technologies is presented. This expertise is put into everyday practice in cooperation with chemical supply partners in various projects, in particular with Henkel and BASF. Based on several theses works and in cooperation with Henkel and CEST (Centre of Electrochemical Surface Technology) in 2008 we have been successful in implementing Originalarbeit a completely chromium-free conversion treatment for passivating hot-dip-galvanised steel strip (include zinc magnesium alloys) for temporary corrosion protection (Fig. 4 to  8 ). In cooperation with BASF we developed a Cr-free and Fluoride-free passivation system. This system is based on polycarboxylate-chemistry (Fig. 9, 10, 11) In this work, different conversion coatings based on Crfree phosphate-and polycarboxylate-chemistry on Z and ZM were characterised with electron microscopy and other surface analytical methods. Especially, time studies of corrosion behaviour of phosphate based conversion coatings on Z and ZM in salt spray test on cross section prepared samples are shown.
Multifunctional property layer means the very positive influence on the surface properties of galvanized steel sheets in many aspects: excellent corrosion protection, good paintability and paint adhesion when used as pretreatment, good weldability, easy and cheap application by spray and squeegee rolls and low chemical cost. Temporary corrosion protection is absolutely necessary. In Fig. 2 and Fig. 3 pictures of areas with white rust on hot dip galvanised steel coils on a slitting line are shown. The white rust material was stored for a long time in an unprotected humid atmosphere. In most cases the affected material is not useable in customer processes any more. In respect to barrier properties of conversion coatings resistance to salt spray test and resistance to alkaline solutions are important. Latter is important in case of forming with lubricants or emulsions that are highly alkaline and which decrease the friction coefficient of the chromium-free passivated surface 7 . One special solution for this problem is to apply a thin oil-film on the passivated surface. An alternative approach to solve this problem was the development of conversion layers with self lubricating surface properties by adding waxes in order to obtain oil-free forming 8 . SEM investigations and the corrosions protection of this conversion layer is shown in Fig. 7,8 and Fig. 15 . The formation of corrosion products of treated Z and ZM was tested in a salt spray chamber. After each exposure for a certain time, SEM-and EDX-analysis of cross section were made 9 , 10 .
The performance of the new treatments should be comparable to that of the Cr(VI)-containing layers. The performance of the Cr(VI)-containing layers rises with the coating 
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(layer) weight (the Cr-content was measured with a X-ray fluorescence spectrometer). Results on hot dip zinc coated samples with Cr(VI)-passivation treatment (coating weight about 15 mg Cr/m²) were used to set up the requirements list. Lab tests which were used to check these properties are summarised in Tab. 1. Additional requirements or other properties like adhesive joining, weldability, formability and so on are not listed. They depend too much on the final application demands and on special requirements from customers. 
Test methods and requirements on passivation layers (Z, ZM)

Test method Requirements
Alternating Humidity Test DIN 500017 KFW < 5 % WR (white rust) after 20 cycles Salt Spray Test DIN 50021SS < 5 % WR* after 24hrs
*…WR (white rust)
1. Experimental
Sample Preparation
To study the relationship between conversion layer thickness and properties of passivated hot dip galvanized steel sheets samples with different conversion layer thicknesses were prepared in the lab. Samples for other investigations were taken from industrially produced passivated hot dip galvanized steel strips. At the laboratory the application of the passivation solution was done by a coating process. For these samples, hot dip galvanised steel sheets (size 400*210 mm) were cleaned by transferring them into an alkaline washing machine. After this procedure the samples were treated with different types of passivation solutions by means of a coating knife (Spiral Rakel). The wet samples were dried by a hot air dryer. For analytical and electrochemical investigations the samples were cut to small sizes (10*10 mm). For testing the corrosion protection properties the sample size was 100*160 mm. Two different metallic coatings conventional zinc coating (Z) and a Zn-Mg-Al alloy coating (ZM) consisting of Zn with 2 % Mg and 2 % Al provided by Voestalpine were used. All samples were not skin passed. (Fig. 5, 8, 10, 13 ) display the structures of the conversion coatings on the various substrates.
Methods
The corresponding layer analyses (EDX) are shown in Fig. 6, 11 and 14 . The system based on metal phosphates consists of titanium, manganese and zinc phosphates ( 
Corrosion
To investigate corrosion protection properties normalised accelerated tests, i. e. salt spray test, humidity test, stack test and so on were used. Figure 15 describes the evolution of white rust during salt spray testing at passivated Z and ZM samples. The reference coating weight (dry film) for these samples is 22 ± 5 mg Ti/m² for phosphate-based and 35 ± 5 mg P/m² for polycarboxylate-based samples.
The phosphate and phosphate and waxes based passivation show the best corrosion resistance for both metallic coating types (Z, ZM). Generally in salt spray tests the corrosion protection of ZM alloys are much higher than Z9, 12.
metalphosphate-matrix metalphosphate-matrix 
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This property is also found for the passivated surface. Passivated Z-coatings corroded faster than passivated ZMcoatings. The excellent results with Cr-free systems for ZM surface in comparison to Z surfaces is not fully understood.
In addition, the influence of passivation layer thickness on the rate of white rust formation was investigated in the salt spray test. For this purpose Z and ZM samples were lab coated. To get different dry film layer thickness constant wet film thickness but different chemical concentrations were used. As shown in Fig. 16 and Fig. 17 the stability against white rust on Z and ZM rises with increasing layer thickness of the conversion layer. This was also the case in respect to corrosion protection against red rust formation in salt spray test for Z. But the opposite trend was found for ZM ( Tab. II) This observation may be due to localized white rust formation caused by higher conversion coating thickness. As shown in Fig. 17 , the corrosion products (white rust) on ZM samples of lower layer thickness are more extensively allocated than on samples of higher layer coatings. Higher layer thickness basically leads to higher stability of the conversion layer. One possible reason is a declining number of defects (pores, anodic areas). This hypothesis was confirmed by electrochemical investigations (Fig. 20) . Therefore corrosion attack is concentrated on few localized anodes.
SEM-Investigations on Cross Section Prepared Samples
To characterize the state of conversion layer and coatings (Z, ZM), cross sections of salt spray test exposed samples were prepared and then analyzed by scanning electron microscope. After first white rust that is actually visible on the surface, a cross-section through corroded areas was prepared (Fig. 18) . From cross sections it can be seen that the conversion layer in the dark area is still intact on both substrates (Fig. 18, M1 ). Even in white rust area of the Z surface the conversion layer components can be detected by using the EDX analysis (Fig. 18ure M2) . The corrosion products of passivated Z-surface can be divided into light and dark areas (Fig. 18, M3 and M4) . Whereas the dark area shows only a zinc-and oxygen signal in the EDX spectrum (Fig. 18, M4) , an additional phosphorus and chlorine signal was detected in the light area. Phosphate from conversion layer forms on pure zinc coatings zinc phosphate precipitates during corrosion. This phenomenon has not yet been observed in the case of ZM.
As it can be seen from the cross section in Fig. 18 the conversion layer of the ZM substrate has not yet been attacked in the intermediate region. In the area of white rust, however, about 2 µm thick corrosion products have been formed on top of the metallic ZM layer (Fig. 18, M5) . At that stage the conversion layer cannot be detected anymore. From this shot it can be seen clearly that -despite the conversion layer -the MgZn2 phase has been resolved selectively at the beginning of the corrosion. To study the role of magnesium, a number of EDX spectra starting from a MgZn 2 phase have been absorbed up to the corrosion products (Fig. 18, M2-M5 ), whereby measurement 2 (M2) is located in the metallic MgZn 2 phase, M3 and M4 are situated in the corroded MgZn 2 phase and M5 can be found in the corrosion products. The results of the quantification of these measuring points are shown in Tab. 3. The mass fraction of oxygen increases steadily from M2 to M5. After 650 h of exposure in the salt spray test the ZM coating is corroded completely. However, the thickness of the corroded layer is very different: whereas the corrosion products in the dark area have a thickness of about 10 µm, the thickness of the corrosion products in the white area may be of up to 100 µm or even more.
Electrochemical Investigations of Passivated Surface
Determination of Free Zinc Surface with Cyclovoltammetry As described in 13 the free zinc-surface of a chemically passivated Z100 and ZM120 sample were determined by cyclic voltammetry. According to14 for cyclic voltammogram the maximum anodic current density (I max ) in the potential range of zinc dissolution is a good indicator of the persistence of a chemically passivated surface. In addition, at repeated cyclizing the time course of the I max can deliver an additional parameter for the persistence of the conversion layers. From Fig. 19 it can be seen that with neutral electrolytes (pH 7 borate buffer) the conversion layer on the Z surface has lower current densities (less pores and cracks) in cyclovoltammetric measurement than on the ZM-surface. When changing the electrolytes to alkaline pH-values (pH 9) a reversal of the I max relations was shown. At this pH-value the conversion layer on ZM has now the lower current densities. If I max is plotted as a function of the cycle iterations, it will be achieved faster to get higher I max values with thinner conversion layer thicknesses. I. e. the conversion layer is decomposed faster and therefore more zinc is exposed (Fig. 20) .
Conclusion
For storage and transport of galvanized steel strips it is necessary to chemically treat the surface to avoid formation of white rust. In the recent past passivation solutions based on Cr (VI) salts were used for this purpose. By the End-ofLife Vehicles regulation of the EU and the so-called RoHS regulation manufacturers of passivation chemicals were pressured to look for alternatives. Therefore passivation solutions based on amorphous titanium, manganese and zinc phosphates have been developed. The synergetic effect of the new passivation treatments in combination with new ZM-coatings lead to excellent corrosion performance (especially white rust protection).This synergetic effect have not yet been fully understood. Whereas the first visible white rust on the chemically passivated zinc surfaces already occurs after approximately 30 h of exposure in the salt spray test, this takes about 70 hours on ZM surfaces. At the beginning MgZn 2 phase corrodes first.
With higher passivation layer thickness the persistence against white rust in salt spray test does increase. However, the persistence against red rust decreases. This may be caused by localization of the corrosion attack. Electrochemical studies show that the stability of the chemically passivated surface is not only a function of the number of pores in the conversion layer, but also a function of the pHvalue of the electrolyte. Conversion coatings on ZM in comparison to Z emulsion can behave better regarding pH stability. So far all tested Cr-free passivation systems on phosphate or polycarboxylate-base show significant higher corrosion persistence on ZM in comparison than on the Z surface. The mechanism for this behavior is not fully understood. Therefore further studies are needed.
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